A b s t r a c t New system design and evaluation methodologies are being developed to address social, organizational, political, and other non-technological issues in medical informatics. This paper describes a social interactionist framework for researching these kinds of organizational issues, based on research within medical informatics and other disciplines over the past 20 years. It discusses how effective evaluation strategies may be undertaken to address organizational issues concerning computer information systems in medicine and health care. The paper begins with a theoretical framework for evaluation. It then describes the 4Cs of evaluation: communication, care, control, and context. Five methodological guidelines are given for conducting comprehensive evaluations that address these 4Cs. An example of an evaluation research design that fits the guidelines and was used in an evaluation of an on-line clinical imaging system is discussed. Results of the evaluation study illustrate how this approach addresses organizational concerns and the 4Cs. Ever since computers first were used in medicine and health care, many individuals predicted that profound changes would result from their use, and lamented that these changes were slow in coming. They analyzed reasons for this so-called ''lag'' in medical computing. At least in the United States, the lag initially was attributed to three categories of problems: insufficient technology, funding, or knowledge; barriers inherent in medicine itself; and physician resistance. Starting in the 1970s, managerial issues joined the other areas of concern.
In medical informatics, these trends are evident in the increasing recognition of social, organizational, political, and other non-technical factors surrounding an information systems project. New design methodologies are being developed to address these concerns through the assumption that system design should take into account actual work routines. 7 -12 There also is increasing interest in evaluating computer information systems in light of broader organizational concerns and in examining their organizational impact. 3,4,13 -15 Previously, information systems were most commonly evaluated according to outcomes related to selected technical or economic factors, while social, cultural, political, or work life issues were given less consideration. 16 -18 Newer evaluation approaches take what is known as a social interactionist perspective by considering relationships between system characteristics, individual characteristics, organi-zational characteristics, and effects among them. 13, 19 Such approaches encourage evaluating an information system's impact upon an organization while evaluating organizational features' impacts on the system. This paper describes a social interactionist framework for researching these kinds of organizational issues, based on research over the past twenty years.
Framework
Theories and empirical results depend upon whether an evaluation study focuses on a computer information system, on users, on the organization where the system and users are, or on interrelationships and interactions among these. Traditionally, medical information systems evaluations have been conducted according to an experimental or clinical trials model of research. These evaluations focus on technical, economic, or other factors believed to affect systems' impacts. Some areas of systems evaluation are well-recognized in the medical informatics literature: (1) technical and systems features that affect systems use, (2) cost -benefit analysis, (3) user acceptance, and (4) patient outcomes. The factors believed to cause impacts were identified and the impacts measured in these evaluation studies. This kind of research design takes a variance approach 20 ; i.e., the focus of study is on how a variable changes as a result of some intervention, in this case, the information system.
Evaluations that focus on selected technical, economic, user, or medical criteria may not be sufficient to improve outcomes and realize benefits information systems can offer. Understanding the processes that contribute to impacts and outcomes is needed as well. In addition to assessing what differences medical computer information systems make in patient care, education, medical research, and hospital management, evaluations can address why these systems make those differences, or why systems may not have the impacts expected of them. For example, an interactionist perspective can explain why the same system, used by the same kinds of users, may have different impacts in different settings. The TDS system, for example, is both one of the most successful hospital information systems, and also one against which medical staff have protested vociferously. 21, 22 To measure effectiveness or impacts of a medical information system, research should be designed to identify, collect, analyze, and interpret data to form a coherent picture of processes that resulted in the effects or impacts. 19 Interactionist studies often take a process approach; i.e., they examine processes that emerge from complex, indeterminate, often unpredictable, interactions and interrelationships. 20 
Models of Change
It is helpful to understand how to evaluate these processes; therefore, three classes of models of organizational change and information technology assessment are described. The three models are: Research, Development, and Diffusion; Problem Solving; and Social Interaction. These models could guide information systems leaders and researchers to the most appropriate approach for studying a specific information system implementation. 23, 24 In Research, Development, and Diffusion models, experts develop a system they consider beneficial, and users either adopt it or are considered resistant to it. Problem Solving models are more collaborative, with experts and clients working together to develop information systems solutions to what they perceive as problems. Problem Solving models are based on variations of Lewin's theories of change, such as the Kolb-Frohman model. 25 A third class of models is Social Interaction models. These models are based on Rogers' Classic Diffusion Theory 26 and thus emphasize how an innovation, such as an information system, is communicated through social channels over time. Other reviews of models are given by other authors. 27 -29 Related to these models of change is a set of models about what causes resistance to information systems. Markus, for example, presents three theories of user resistance: user centered, system centered, and interactional. 30 Resistance is explained in system centered theories by factors inherent in a system itself, such as slow response time, poor screen design, and other factors the Institute of Medicine classified as technological barriers to computer-based patient records. 31 Alternatively, user-centered theories consider resistance to be due to factors inherent in users, such as their lack of knowledge or their reluctance to change. Lastly, according to interactional theories, resistance is due to interrelationships and interactions among users, a system, and the organizational context in which that system is to be used. Interactional factors may be the most difficult to study. Such factors would include the kinds of considerations discussed by Kaplan and by Brenner and Logan. 32, 33 On the individual level, clinical values are one important example. On the organizational level, communication and control within an organizational unit could be crucial.
These models of organizational change and innovation emphasize the importance of process and communication and the relevance of changes in an individual's status and work. 23 Rogers, in his review of a considerable body of knowledge on the diffusion of innovation, discusses communication that occurs among adopters of innovations. 26 This kind of communication occurs for medical information systems. 34 Physicians influence each other in their attitudes towards such systems, and this affects who uses a system and how they use it. Rogers also discusses the importance of how potential users assess characteristics of an innovation. 26 Kaplan has studied the way in which clinicians' assessments of these characteristics is influenced by their professional values and roles. 32 The long history of ''physician resistance'' can be explained, in part, in this way. In contrast, as Kaplan points out, there are many complex applications of computers in medicine that physicians have enthusiastically adopted. 1, 32, 35, 36 Brenner and Logan also indicate that clinicians have been more enthusiastic in adopting other medical innovations with characteristics similar to medical information systems than they have been for medical information systems. Brenner and Logan, therefore, look to organizational factors, claiming that ''the root cause of non-diffusion would appear to be more related to the interaction between MISs and professional conventions'' such as personal autonomy and doctor-patient interaction, 33 which Kaplan identified as primary professional values and roles in the adoption and use of medical information systems. 32 Brenner and Logan's emphasis on interaction, then, is a key consideration in understanding reactions attributed to physician resistance.
Models of Evaluation
Drawing on these interactionist models, Anderson and Aydin, and Anderson, Aydin, and Kaplan provide a framework to guide evaluations of how medical information systems affect and are affected by health care organization. 13, 19 Their conceptual model is based on understanding that the interaction between information technology and the organization in which it is implemented guides the design and implementation of an information system, the assessment of its impacts, and the management of the change processes that result from its implementation. Their framework also involves three models.
In one of these models, an information system is seen as an external force. Evaluations based on this model treat technical features of an information technology as causing its impacts, as in system centered theory. As in the Research, Development, and Diffusion Model, participants who do not use a new computer information system are viewed as passive, resistant, or dysfunctional. Because organizational and technology characteristics are treated as invariant rather than as changing over time, these evaluation studies fail to include characteristics of the organizational environment and social interaction that may have important effects on outcomes. 18 Such studies frequently are undertaken in a laboratory using controlled clinical trials, and there may be little or no investigation of how systems fit into the daily work in the organization into which they will be introduced. 9, 37 In another of these models, an information system is seen as determined by organizational needs in that it is viewed as meeting the needs of managers and clinicians. As in the Problem Solving model, systems are thought to be developed in a rational manner, with needs identified and problems solved. Organizational members are thought to have control over the technical aspects of a system and the consequences of its implementation. This model attributes the effectiveness and impacts of information technology to decisions made by managers, developers, and implementers. In this respect, as in user centered theory, characteristics of decision-makers within an organization determine results. End users are considered passive, resistant, or dysfunctional if they do not react to a system as managers or developers intended. 30, 38 In the third model, social interactions are considered determinants of system use. This model views uses and impacts of information technology as resulting from complex social interactions within an organization. 17, 20, 39 Evaluation in this model requires understanding dynamic organizational social and political processes as they occur over time. Use and impacts of information technology are thought to be affected by communication over time among individuals who are members of social systems. Users are considered active in that they generally change or modify information systems during design and implementation so that the technology better fits specific organizational, professional, or personal needs. 26 In this view, the way technology is designed, implemented, and used in a particular organizational setting depends on individuals' and groups' objectives, preferences, and work demands.
Evaluation Questions
Anderson, Aydin, and Kaplan provide examples of how an interactionist framework has been used to measure the adoption, use, effectiveness, and impacts of computer information systems in medicine. 13 In one study, physicians' positions in a hospital's referral and consultation network affected their adoption and use of a medical information system. 40 -42 Another study explored the impact of an interactive health appraisal system on interaction between patients and clinicians, among clinicians, and between clinicians and administrators. 43 In a third study, users' attitudes toward a laboratory information system were influenced by the relationship between how laboratory technologists viewed the system and how they viewed their work. 44 -48 As these studies suggest, evaluation questions within an interactionist framework concern issues of communication, care, control, and context. As formulated by Anderson and Aydin, 14 these questions are, respectively:
Ⅲ What are the anticipated long-term impacts on the ways departments linked by computer interact with each other?
Ⅲ What are the anticipated long-term effects on the delivery of medical care?
Ⅲ Will system implementation have an impact on control in the organization?
Ⅲ To what extent do medical information systems have impacts that depend on the practice setting in which they are implemented?
Issues of communication, care, control, and context are the 4Cs of evaluation. 49 They are interrelated in ways that affect what happens when an information system is introduced. A laboratory information system, for example, may improve communication between laboratories and clinical units. However, even technologists who recognize this improvement may consider the system incompatible with their work patterns. If laboratory management does not recognize that technologists think their jobs are changing, management is not able to plan for the ways in which technologists react to these changes. This laboratory information system evaluation illustrates how changes in communication directly affected changes in work. These changes can be used as an excuse for playing out existing political agendas, thereby raising control issues. Having other departments claim inadequacies in the laboratory information system and argue that they should have their own laboratories provides one example of how existing organizational control issues may affect, and are affected by, a new information system.
Methodological Guidelines for Evaluation
An evaluator needs to be sensitive to the 4Cs-communication, care, control, and context-when collecting and analyzing data, as direct questions concerning them often cannot be asked. Further, it is difficult to study processes over time, as an interactionist evaluation framework would lead one to do. To address these difficulties, Kaplan suggested five methodological guidelines that can be useful when developing a comprehensive evaluation plan. The evaluation should 15 : focus on a variety of technical, economic, and organizational concerns; use multiple methods; be modifiable; be longitudinal; and be formative as well as summative.
Focus on a Variety of Concerns
An evaluation could study technical, economic, and organizational concerns. These can be examined during the entire process of information system implementation, focusing on system use, organizational context, and work practices in multiple specialties or functional areas.
Use Multiple Methods
Evaluations often could benefit from multiple research methods. Numerous approaches are discussed in the evaluation literature. Their application to medical informatics is presented by Anderson, Aydin, and Jay 3 and by Friedman and Wyatt. 4 These include cost/ benefit analyses, critical incident logs, document analysis, experiments, interviews, observations, simulations, and surveys. Some of these may use either qualitative or quantitative methods. For example, surveys can include scaled response questions as well as open-ended questions, thereby collecting both quantitative and qualitative data. The open-ended questions may be analyzed quantitatively by counting various attributes contained in the data, as in content analysis, or, as is more common in qualitative data analysis, by seeking patterns and themes.
Using a rich variety of evaluation research methods provides several advantages. 3, 46, 50, 51 A combination of methods to evaluate medical information systems has been recommended for two reasons. The first is the diverse and diffuse nature of information systems' effects. The second reason is to combine results in a way that maximizes understanding of causal links 52 by collecting a variety of data, each set of which might provide partial information needed for a complete evaluation. 53 Combining qualitative with quantitative methods allows for a focus on the complex web of technological, economic, organizational, and behavioral issues. 17, 51 Putting together data collected by a variety of methods from a variety of sources strengthens the robustness of research results through a process known as ''triangulation.'' Lastly, a multiplicity of methods can help ensure that issues and concerns that were not included in the preliminary design can be integrated into an evaluation later on.
Be Modifiable
Some important issues and concerns might arise dur-ing a study that were not, or could not have been, anticipated a priori. Therefore, there are benefits to designing an evaluation that can be modified. Such a plan allows for adding new phases, methods, or research questions when important new issues and concerns arise or when new knowledge becomes available during the course of an evaluation. Periodically reviewing and modifying an evaluation plan in light of new information can help keep the plan relevant to key evaluation concerns and fit it to the changing natures of the information system, the organization, and the users.
Be Longitudinal
Longitudinal study designs capture changes over time. A study may be designed either to document what has changed, as in a series of snapshots, or it may be designed in ways that, like a motion picture, capture change processes as they occur. An interactionist perspective suggests favoring the latter.
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Be Formative and Summative
Formative evaluation is aimed at improving a system under development or during implementation. Assessing a system that already is up and running is summative evaluation. Formative evaluation may identify potential problems as they are forming, thereby providing opportunities to improve a system as it develops. 54 
An Evaluation Illustration: Clinical Imaging Systems
This example of evaluating a clinical imaging system illustrates how the evaluation framework, questions, and methodological guidelines can be used. First, Kaplan's suggested plan, or research design, for comprehensively evaluating complex computer information systems is given and then applied to a clinical imaging system that provides on-line access to patient records that include images of clinical conditions. 15 The evaluation was conducted at the development site. Details of the system, plan, methods, and findings are described elsewhere. 55 -58 Here the phases of the plan are summarized in general terms so they can be adapted to other evaluations.
The Plan
Phase 1: Identify Evaluation Issues, Questions, and Concerns
As an initial step, identify the evaluation research questions. Two primary means are useful: literature synthesis, 59 and interviews and observations. Literature synthesis, interviews, and observations may be done concurrently so that findings from one of these activities influence how the other is conducted.
For this study, initial data collection and analysis in the form of interviews and observations was undertaken first. During evaluation planning meetings and interviews with developers, the focus of the evaluation was determined to be on benefits of the imaging system, particularly clinical benefits. Because the system was intended primarily for clinical use, the first evaluation phase focused on clinicians who used the system in the range of clinical, educational, and research activities at this medical center. Initial data collection was undertaken through a series of interviews and observations during a 1-week period when 22 individuals from 10 services, plus the head and staff of the imaging system development project, were interviewed. The researchers also observed the system in use during teaching rounds and clinical procedures.
During these activities, clinical staff identified benefits they believed occurred in all the areas of an academic medical center: patient care, education, research, and administration. 58 This initial list of benefits can be used to identify and measure key processes. The next steps in the evaluation would involve documenting whether and how these benefits occur in different contextual settings, and seeking additional data that might have been overlooked in initial phases.
Phase 2: Document System Use
Two approaches in addition to observation are useful in documenting system use. First, individuals can be asked to document or recall their own system use through critical incident reporting. Second, user profiles can be generated.
Critical incident reporting is a useful way of documenting changes attributed to the new system. 60 Key project staff members and users may be asked to keep records of incidents that seem especially significant. An alternative approach would be to document critical incidents through interviews and observations. At any time during an evaluation, individuals can be asked to recall specific critical incidents and discuss them. Similarly, observers could note critical incidents when conducting observations.
To develop user profiles, baseline data can be collected before implementation. As system use expands, further data can be collected. Baseline data may include such demographic data as each user's specialty or functional area, professional or organizational status, and experience with various computer systems. Data concerning use of system functions also can be collected and correlated with demographic data to develop user profiles. Such data can be collected unobtrusively (i.e., without active involvement of system users) by capturing it on-line as part of routine system use. Data also can be collected by survey questionnaire. 61 Before developing the evaluation plan, measures of system use were collected and analyzed by project development staff. These data provide baselines for later comparison and document usage by clinical service.
Phase 3: Evaluate System in Context
The imaging system was studied in different contexts with attention to different uses of images. Observations and interviews were done in different units and departments, in different wards and clinics, and at rounds. During observations, the individuals involved were interviewed as to what they were doing, why they were doing it, what effects it had, and what benefits were expected. Similar questions were asked during interviews separate from observations. Study participants also were requested to recall critical incidents or examples of system use.
An information system also may be studied in different institutions. For example, another imaging system at a different institution was studied subsequently. Results from the two studies were compared, thereby providing additional insight into each system, broader issues concerning imaging systems, and evaluation concerns. 62 
Phase 4: Present Results
The evaluation plan and initial results were presented at a meeting of project stakeholders. This meeting served several purposes. First, presenting the plan to stakeholders enabled them to make further decisions concerning both the system and system evaluation. Second, in line with the ethics of information systems evaluation, this meeting was one of several occasions to present the plan to interested parties for comment. In this way, study participants were informed so they could be willing contributors to the evaluation. 63 Lastly, their responses helped validate initial findings and helped shape both the evaluation plan and system development efforts.
The 4Cs: Communication, Care, Control, and Context
In this study, physicians' perceptions of benefits of the imaging system suggest the close connection between changes in communication, changes in medical care, and issues of control. Physicians reported beneficial changes in communication, such as the ability for everyone to view the same image simultaneously at a conference instead of relying on written reports or the availability of images whenever they were needed. Physicians thought these changes in communication improved patient care. However, physicians' enthusiasm for the imaging system itself raised control issues. Among these control issues were: the criteria for evaluating systems, what constitutes benefits, who considers them benefits, and who makes such decisions.
In this example, the importance of context is not so well illustrated. However, control issues related to differences in enthusiasm for the system between clinicians and administrators suggest that contextual issues are involved. When comparing this imaging system with another one, additional contextual issues arose that pertain to how physicians talk about images as compared to how they use them.
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Methodological Guidelines
This plan, therefore, resulted in an evaluation that addressed the 4Cs, and, consequently, the importance of interrelationships and interactions among users, the system, and the organizational context pertaining to developers, administrators, and departments. The evaluation plan also met the five methodological guidelines described above. It employed multiple methods intended to address a variety of evaluation questions and issues. The plan allowed for longitudinal evaluation because phases are repeatable at periodic intervals so as to capture data at different times. It provided feedback for formative evaluation because each phase of the plan resulted in a product or output for individuals to use when making decisions concerning the system. These outputs also can serve as input to other phases of the plan and to periodic refinement and validation of the evaluation plan, thus making the plan modifiable. These modifications also would help ensure that the evaluation captured both anticipated and unanticipated concerns. The plan also was modifiable in that the evaluation was designed in phases. During initial phases, the plan was refined as new information became available through data collection and analysis, through discussion with individuals from various clinical services, and through further meetings with project staff. Further, the phases did not have to be performed sequentially. The order could be rearranged and some phases can be conducted concurrently.
Summary
The imaging system evaluation example illustrates how an interactionist perspective may be useful in information system evaluation that takes account of organizational issues. As this example illustrates, the ef-fort of designing, implementing, and using an information system involves numerous considerations and a series of processes that change the organization, the people, and the information system involved. The challenge in an information systems project is designing evaluations that capture the complexity of interactions, interrelationships, and inter-effects that occur during these processes. This paper describes a framework and an example for how effective evaluation strategies may be undertaken to address organizational issues concerning computer information systems in medicine and health care.
